We investigate the end-to-end performance of the selective decode and forward (S-DF) relaying network over time selective independent but not necessarily identically distributed (i.n.i.d.) Nakagami-m fading channel considering practical communication constraints such as mobile nodes and imperfect channel state information (CSI). The per block average pairwise error probability (PEP) is investigated for both optimal and equal power allocation scenarios. Simulation results have been presented for various values of fading severity parameter and channel variance. The end-to-end performance is examined for various node mobility scenarios and for various antenna configurations at the source, relay and destination nodes. Simulation results confirm the accuracy of the analytical results.
INTRODUCTION
Cooperative wireless communication enables efficient use of communication resources, so that user devices can collaborate with each other in wireless transmission in wireless networks. This is a promising technique for the 5th Generation (5G) wireless system [1] . With the advent of the Internet of Things (IoT) [2] as a promising technique that strives to revolutionize the global world through uninterrupted connectivity of smart devices, vision of Smart Cities is close to a reality. 5G technology will be a potential key technology for future IoT systems. The upcoming 5G technology assures low latency, high reliability, high data rates, uninterrupted connectivity, high throughput and better performance. However, the performance of any system gets worse when such a system fades deeper, which is usually on a single link scenario.
Literature describes the amplify-and-forward (AF) [3] and decode-and-forward (DF) [4] cooperative communication protocols as the most popular choices for cooperative relaybased communication due to their robust performance and implementation simplicity. In [5] , the authors investigated the performance of wireless powered relay with AF cooperative communication protocol over frequency flat Nakagami-m fading channels considering the non-linearity of the energy harvester. The closed-form expressions for outage channel capacity is obtained using the complementary cumulative distribution function (CCDF) of the end-to-end signal to noise ratio (SNR). In [6] , the authors investigated the AF relaying protocol over correlated Rayleigh fading channel conditions. In this work outage probability (OP) of best relay selection (BRS) based AF wireless system is investigated considering correlated source to destination (SD), source to relay (SR) and relay to destination (RD) fading links.
In [7] , the authors derived the maximum likelihood decoder for the decode and forward (DF) cooperative communication network using complex valued constellations including M-ary pulse amplitude modulation (M-PAM), M-ary quadrature amplitude modulation (M-QAM) and M-ary phase shift keying (M-PSK). The relay and source nodes employ orthogonal-space time block code (OSTBC) transmissions. A low-complexity piecewise linear decoder is derived for arbitrary complex-valued constellations, which performs like maximum likelihood decoder for all SNR values. However, AF relaying suffers from noise amplification and fixed DF fears performance degradation in case of improper decoding at relay as described in [3] [4] [5] [6] [7] . To overcome this problem S-DF relaying protocol is used in which if the SNR of a signal received at the relay exceeds a certain threshold then the relay decodes the received signal and forwards the decoded information to the destination.
In [8] , the authors investigated the symbol error rate (SER) performance of the S-DF relaying network based multiple relayed relaying network for M-QAM signalling. The Q(.) function is used to obtain the closed form (CF) expression of SER and asymptotic-SER over frequency flat Rayleigh fading channel. However, if the channel between the source and the relay suffer a severe fading and the SNR falls below the threshold; the relay remains idle. In the past, some significant works have been done by the researchers on S-DF based cooperative communication systems [9] [10] [11] . Further, it is observed that the performance of S-DF protocol-based system can be improved with the use of multiple parallel relay nodes which helps in achieving diversity gain.
In [11] , the authors investigated the S-DF relaying network over Nakagami-m fading links. Results show that with increase in link gain and fading severity parameter system performance improves. In [12] , the authors have used relay selection schemes to investigate the performance gain of S-DF based cognitive radio networks over Rayleigh fading channels. CF expressions of OP and channel capacity are derived considering the effect of both peak-power and peak-to illustrate the cooperation system performance for various OFDM fading channel and nodes mobility conditions. The time selective Nakagami-m fading channel model best captures wireless channels for mobile nodes as described in the work on vehicular communication (VC) for wireless access in vehicular environment (WAVE) related studies [18] . In addition, this has been well investigated for machine to machine (M2M) wireless communication scenarios in [19] and experiential models based on Nakagami-m fading channel has been proposed in [26] . In addition, the Nakagami-m fading channel model is also valid for practical scenarios where nodes are far apart from each other. As mentioned in the work on VC, this model best captures the wireless channel for moving nodes. Also, the time difference of the wireless streaming channel is captured by the 1st order autoregressive fading (AR1) fading channel model [20] . Thus, to examine the end-to-end error performance of cooperative vehicular networking (CVN) [23] , the time-selective Nakagami-m fading channel is a standard model considering the node mobility and imperfect CSI estimation.
We conclude the following novel contributions from this paper:
The CF per block average PEP, asymptotic PEP and asymptotic error floor limit expressions are derived for MIMO STBC S-DF system over time selective Nakagami-m fading channel, with imperfect CSI, and with node mobility scenario.
Further, a framework is developed for deriving the diversity order (DO) and results are sho ( [22] , denotes the Gauss hypergeometric function [22] . Expectation operator is denoted by  .
E and
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Q u denotes the probability that a standard random variable (RV) Y takes a value larger than u , i.e., P [ ]  The rest of the paper is organized as follows; system model of S-DF cooperation protocol is given in section 2. The DH dual phase single relay S-DF cooperation protocol is investigated in section 3. In this section, we derive the per block average PEP expression over time selective Nakagamim fading channel with imperfect CSI and node mobility. Also, in this section, Karush-Kuhn-Tucker (KKT) [12] based convex optimization (CO) [21] framework is developed for finding the DO and optimal source-relay power allocation factors. Simulation results are shown in section 4. Finally, the paper is concluded in section 5.
SYSTEM MODEL OF MIMO STBC S-DF COOPERATIVE COMMUNICATION SYSTEM
We consider a S-DF cooperative communication system in which relay node is ready to collaborate with the source node in forwarding its signal to the receiving node over orthogonal channels, which could be attained either by code division multiple access (CDMA), frequency division multiple access or time division multiple access (TDMA). Let , and are the number of antennas employed at the destination, relay and source nodes, respectively. In order to keep the data rate of the SR fading link same as that of the RD fading link, we herein propose to use the same Alamouti orthogonal space time block code (OSTBC) at the source and relay, respectively. This also means that, == SR N N N [9] [10] [11] [12] . Let , ( ), corresponding to the MIMO STBC codeword transmission from the source can be written as [9] , [10] , [17] , are statistically independent with each other, modeled as zero mean circular shift complex gaussian (ZMCSCG) RVs with variance 0 /2  (per complex dimension), respectively. This work considers mobile nodes, because of this, fading channel links between destination, relay and source nodes become time-selective in nature and can be modeled using AR1 process. Further, it has been considered that the fading is approximately constant over the time interval of a single MIMO STBC code-word while varying in a time-selective manner from one MIMO STBC code-word to another MIMO STBC code-word [14] , [16] . The variation of the SD, SR and RD channel matrix within a block is modeled as [17] , [21] ,
The SD, SR and RD fading link's correlation coefficients are denoted by ,  SD SR and ,  RD respectively. We can evaluate the correlation coefficients by using classical Jake's model [17] , given as,  eRD respectively [21] . This work considers that the receiving node is employed by the low complexity maximal ratio combiner (MRC) receiver [9] , [12] but due to time-selective nature of the fading channel links it is tough to obtain the knowledge of instantaneous CSI corresponding to the transmission of MIMO STBC code-word. Hence, in this paper, like the works [16] - [17] , imperfect CSI is considered at the relay and destination nodes. The estimated channel matrices for RD, SR and SD links can be modeled as [16] , ESTIMATED can be written as [14] , [16] - [17] ,
where, effective noise matrix for SD fading link  Eff SD is given below [16] , 
where, a N denotes the number of non-zero M-ary PSK symbols transmitted per MIMO STBC codeword. Following the similar approach, the received symbol blocks at the relay and destination nodes, respectively, can be expressed as, (13) where, effective noise matrix for SR and RD fading link,  Eff SR and  Eff RD , respectively, are given below, The effective noise variances
 Eff RD , respectively, are given below [14] , [16] [17] , 
SINGLE RELAY DUAL PHASE DUAL HOP MIMO STBC S-DF RELAYING NETWORK
PEP analysis
In this section, per-block average PEP expression is derived for the dual phase DH single relay MIMO-STBC S-DF relaying network. The schematic representation of single relay S-DF protocol is shown in Figure 1 
where, , ab and c are modulation dependent parameters listed in Table 1 [24] . Like works [9, 12, 16, 17] 
Using the identity given in (17), the instantaneous PEP for SR fading link can be written as, ( )
The average PEP for SR fading link can be derived by averaging the instantaneous PEP over the probability density function (PDF) of received instantaneous SNR of the SR  SR fading link. For averaging the instantaneous PEP, we will use the moment generating function (MGF) based approach in this work. It can be expressed as [9] [10] [11] [12] ,
MGF of Nakagami-m distributed instantaneous SNR is expressed as,
The average PEP for SR fading link can be derived by evaluating 
This leads to, 2 sin 1 ,
2sin cos .
Thus, the limits of the integral would change from 0 to 1 and the integrating variable  d changes to,
Therefore, 1 I can now be given as,
After rearrangements and mathematical manipulations, this integral can be represented in the standard form, as given in (27). The above expression represents the integral in the standard form of the Gauss Hypergeometric function defined as,
Comparing the above definition of the Gauss Hypergeometric function with the expression of 1 , I the parameters can be obtained as, 22 , 0.50,
Using the identity given in (28) into (27), the 1 I can be expressed in the form of Gauss Hypergeometric function, as given in (31).
( ) 
Also, the limits of integral would change from 0 to 1. Therefore, 2 I can now be given as, 
The expression above is compared with Appell hypergeometric function of two variables 
x and  y , defined as [22] ,
Thus, comparing the integral 2 I with the above definition of Appell hypergeometric function various parameters can be obtained as [22] , 
(1) = sd sd l n l n g and 2 ,, (
(1) , = rd rd l n l n g respectively, is given below,
(1) 
Asymptotic error floor analysis
Now, in order to theoretically support our claims about the performance degradation due to imperfect-CSI and mobile nodes, it is useful to obtain the asymptotic error floors for the single relay S-DF protocol by ignoring 0  in (10), (14) and (15) for single relay scenario, as expressed below [16] [17] When all nodes are static and perfect CSI condition According to Jake's autocorrelation model [21] , when all of the nodes are static, i.e., the relative speed between any two communicating nodes of them is zero, the correlation parameters ,  SR SD and  RD reduce to 1. By considering this condition, the asymptotic limit for E P is still given by (46), but with the following modified parameters: , the value of ,  SD SR and RD reduces to zero which reduces (46) to zero, i.e., the asymptotic error floor in (46), as expected, vanish, i.e., impact of node mobility is removed.
When source and destination nodes are static and relay node is mobile Corollary 1: In DH single relay S-DF cooperative communication networks with perfect CSI, even though the relay is in motion, the system performance does not experience asymptotic limits if both source and destination are static.
Proof: In this scenario, 1  = SD while  SR and  RD are 1.  Under this condition, the asymptotic limit for E P is still given by (46), but with the following modified parameters:
Furthermore, if the estimation processes throughout the network are perfect, i.e., RD reduces to zero which reduces (46) to zero, i.e., the asymptotic error floor in (46), as expected, vanish, i.e., impact of node mobility is removed. Despite that both scenarios (a) and (b) do not provide asymptotic limits in the case of perfect estimation, this does not mean that they provide same performance results over all the non-infinite SNR range. Later in the simulation results section, we will show that scenario (b) provides worse performance than scenario (a) due to the relay mobility.
When relay and source nodes are static and destination node is mobile Corollary 2: In DH single relay S-DF cooperative communication networks, even though relay is static, the system performance is severely degraded by asymptotic limits if destination node is in motion.
Proof: When the destination node is in motion and the other nodes are static; 1  = SR while  SD and  RD are 1.
 In this case, the asymptotic limit is given in (46), but with the following modified parameters:
( )  In this case, the asymptotic limit is given by (46), but with the following modified parameters:
In this scenario, it is significant to note that the PEP term for the event when relay node decodes the MIMO STBC codeword incorrectly, i.e., 
DO analysis and optimal power allocation
DO Analysis
In this sub-section we demonstrate the DO analysis and will develop a framework to evaluate the optimal source-relay power allocation factors, which will further enhance the endto-end error performance of the relaying network. At high SNR, since the union bound is tight, the source and relay SNRs, 00 / , /   →  SR PP . We consider that each receiving terminal has perfect channel estimation, i.e., Using the PEP expression expressed in (47) 
One can see that the KKT conditions-based CO framework can be employed for deriving the optimal source-relay power allocation factors 0  and 1 .
 In the mathematical CO framework, the KKT conditions are 1 st order necessary conditions for finding the optimal solution of nonlinear programming (NLP) [25] , subject to the satisfaction of some regularity conditions. Allowing inequality constraints, the KKT will tend to NLP generalizes the concept of Lagrange multiplier which allows only equality constraints. Consider the following nonlinear minimization problem: 
where,  is expressed in (63). Further, we can find out the solution of the quadratic expression given in the equation (62) by using standard mathematical computing software such as MATHEMATICA or MATLAB. 
SIMULATION RESULTS
Monte Carlo (MC) simulations are conducted to confirm the accuracy of the theoretical results for the considered MIMO STBC based S-DF cooperative communication protocol over time selective Nakagami-m fading channel conditions considering imperfect CSI and node mobility conditions. Due to nodes mobility, the system's links are characterized by timeselective fading channels, which are modeled by the AR1 process, and due to incorrect CSI estimation, the estimated channel variances are assumed to be corrupted by Gaussian errors. For such a system model, an approach is proposed to derive a tight approximate expression for the system's conditional PEP. This approach is based on utilizing the AR1 model to derive exact expressions for the per block average PEP of the Alamouti decoder's decision variables, and on benefiting from the central limit theorem to approximate some of the non-Gaussian interference and noise terms. The obtained conditional PEP expression is function of both the fading channel correlation parameters and the estimation error variances, and thus, it is valid for mobile as well as static nodes for imperfect as well as perfect channel state information estimation processes. We consider S-DF relaying protocol and assume that the relay can check whether the decoding result is correct or not. Per block average PEP performance is investigated for both equal and optimal power allocation scenarios. To investigate the accuracy of the investigation for M-PSK signals, we employ M = 4 to check the M-PSK results. Figure 2 . shows the PEP performance of dual phase DH relaying protocol over time selective Nakagami-m channel with imperfect CSI and node mobility for equal and optimal power allocation. The results show that analytical results are in exact match with the simulated results at high SNR regimes and the per block average PEP performance for optimal power is better than PEP performance for equal power allocation. Figure 3 . shows the per block average PEP performance of MIMO Alamouti STBC S-DF relaying protocol with QPSK modulation for various node mobility scenarios . Results show  that  for  the  network  conditions  when,  1 
CONCLUSION
This paper comprehensively investigates the performance of DH MIMO-STBC cooperative wireless systems over timeselective and possibly i.n.i.d. Nakagami-m fading links. CF expressions have been derived for the per-block average PEP with time selectivity arises due to node mobility and imperfect CSI. The results show that analytical results are in exact match with the simulated results at high SNR regimes and the per block average PEP performance for optimal power is better than PEP performance for equal power allocation. Specifically, we found that the source mobility significantly degrades the per block average PEP performance in contrast to the network condition with only relay and destination nodes are mobile.
